The specific properties of the instanton induced interaction leads to a significant enhancement of the A 0 weak amplitude determining the ∆I = 1/2 rule. We show specifically the importance of the contribution of operators with dimension d = 9, induced by 'tHooft multiquark interaction, to the weak K → ππ decay.
Introduction
Recent experiments confirmed the large CP violation in K → ππ decays [1] , [2] . This large violation is difficult to explain within Standard Model [3] . One of the cornerstones of this problem is famous ∆I = 1/2 rule (see reviews [4] , [5] ). This phenomenological rule is related to the observation of a strong enhancement of the weak decays with an isospin change of ∆I = 1/2 with respect to those decays with an isospin change of ∆I = 3/2. The origin of this rule is not well understood from first principles [6] . Several contributions have been considered responsible for the enhancement. One of them is the well known perturbative QCD contribution due to the exchange of hard gluons [7] . It arises from short distances, and large quark and gluon virtualities. Typically the enhancement factor of these calculations is four, far away from the data [8] which show, for instance for the K s → ππ decay amplitudes, an enhancement factor A 0 /A 2 = 22.2 . Another possible source of the rule comes from long distance hadronic final state interaction (FSI) and can lead an enhancement of A 0 amplitude which reaches about 50% of the experimental value [9, 10] 1 . In this Letter we suggest a new contribution to the weak amplitudes, which helps in explaining the ∆I = 1/2 rule, associated with the dynamics of QCD between quarks at intermediate distances. The mechanism responsible is the nonperturbative multi-quark 'tHooft interaction induced by strong fluctuations of the gluon fields in the QCD vacuum, known as instantons [12] (for review see [13] ). A relevant feature of this interaction, which distinguishes it from the perturbative gluon exchange, is its specific flavor properties which magnify the interaction in the channels with vacuum quantum numbers, for example the I = 0 channel. A famous example where the particular properties of the multi-quark interaction appear is in the resolution of the U(1) A problem [14] . Instantons play crucial role in the explanation of the large mass of η ′ meson. We have found in here that the same mechanism is relevant for explaining the ∆I = 2 Instantons and ∆I = 1/2 rule The instanton liquid model for QCD vacuum is not only a good model to describe the nonperturbative structure of QCD vacuum but also very succesful one in explaining the properties of hadrons ( see recent reviews [13] , [15] ). The model assumes that the QCD vacuum is a state filled with instantons with an average size ρ c = 1.6GeV −1 ≈ 0.3f m and separated by distances of the order of the confinement size, R ≈ 3ρ c ≈ 1f m ≈ 1/Λ QCD . The effective density of the instantons in the vacuum is rather small n ef f ≈ 1f m −4 , and therefore one can neglect the deformation of the instantons as a consequence of the interaction between them.
The instanton leads to the multi-quark 'tHooft interaction which arises from the existance of quark zero modes in instanton field. For N f = 3 and for zero current quark masses, m u = m d = m s = 0, this interaction is given by [13] , [16] , [17] :
where ρ is the instanton size and n(ρ) is the density of the instantons. For quarks with nonzero virtualities k 2 i the vertex (1) should be multiplied by the product of Fourier transformed quark zero modes in the instanton field
which in the singular gauge has the form
where
We should mention two specific properties of the interaction (1). The first consists in a large quark helicity flip ∆Q = −2N f . This property comes from the definite helicity of the quarks on zero modes. The second is related to the Pauli Principle of the quarks on zero modes in the instanton field. Thus the t'Hooft interaction is antisymmetric under permutation of any incoming and any outgoing quark. This property leads to a single instanton contribution to the weak ∆I = 1/2 amplitude (see Fig.1 ). The standard ∆S = 1 weak effective Hamiltonian is given by
where the contributions of the operators with dimension d = 6
and coefficients C i (µ) come from calculation of the hard perturbative gluon coupling to the weak amplitudes. The scale µ ≈ 1GeV is used in these calculations. It determines the kinematical region where one can believe pQCD calculations and determines the lower limit of the integration over the virtuality of the quarks and gluons in loops created by gluon exchanges. The matrix elements of the Q i (µ) operators in (4) is calculated within nonperturbative approaches, for example by using bosonization procedure for quarks operators or lattice. Our important observation is that there is some additional contribution to the weak interaction Hamiltonian with ∆S = 1 coming from the six-quark interaction ( Fig.1) and therefore corresponds to an operator with higher dimension (d = 9), which has the form
where P is number of the quark permutations. This operator contributes only to ∆I = 1/2 transitions and if we compare it with gluon the induced operators (5), we observe that it violates helicity conservation. For nonzero mass quarks there is additional instanton contribution which comes from operators with dimension d = 6 shown in Fig.2 3 .
It should be mentioned that this latter contribution to K → ππ decay is proportional to the current quark mass and therefore should be small and not relevant to ∆I = 1/2 rule.
To end this section let us make a remark regarding the the scale of the new six-quark operator. We would like to treat (5) as local operators, therefore the integration over the quark virtualities in the loop of Fig.1 should be limited by the hadronization scaleμ ≈ Λ QCD ≈ 1/R ≈ m * = 260MeV , where m * = −2π 2 ρ 2 c < 0|qq|0 > /3 is the effective quark mass in the instanton vacuum.
3
Instanton contribution to K → ππ decay
One of the manifestations of the ∆I = 1/2 rule is a huge enhancement of the K → ππ amplitude in the isospin-zero state A 0 as compared with amplitude to the isospin-two ππ,
Our goal here is to show the importance of the instanton induced six-quark interaction in this K decay. The contribution of this interaction to K 0 decay is presented in Fig.3 . The normalization of the K → ππ amplitude varies from author to author, we used that of Bel'kov et al. [3] 
To estimate the instanton induced A 0 amplitude one calculates the contribution to K 0 → π + π − amplitude, since as was mentioned before the instanton induced interaction only contibutes to the A 0 amplitude.
To proceed with the calculation it is useful to make Fierz transformation of the instanton Hamiltonian (1)
where j a i =q iR λ a q iL , j a iµν =q iR σ µν λ a q iL . The calculation of the diagram in Fig.3 gives for the instanton induced effective Hamiltonian, which is responsible for decay K 0 → π + π − and N c = 3, the following result
where C 1 (µ) is the Wilson coefficient of operator Q 1 with I = 0 in (5), which is related to the pQCD contribution from values of quark virtualities between µ and M W . By using appropriate Fierz transformations again and making the substitutionsd
where F π = 93MeV , we obtain the matrix element
We get an estimate of the instanton contribution by using the simplest version of the instanton liquid model [19] with the density given by
and n ef f = 1f m −4 , ρ c = 1.6GeV
In chiral limit m u = m d = m s = 0 from (13) we obtain
Therefore our final result for six-quark instanton interaction contribution to A 0 amplitude is
where the Gell-Mann-Oakes-Renner relations
have been used. With the chosen value of the parameters (15) and LO value C 1 (1GeV ) ≈ c 1 (1GeV ) − c 2 (1GeV ) ≈ 1.9, where the values of c 1 and c 2 are given in [4] , we have for ratio A d=9 0
where the A exp 0
is the experimental amplitude [20] .
Therefore the contribution of the instantons leads to a strong enhancement of A 0 amplitude in weak K meson decays. Let us discuss in detail the various contributions to the final number by using the large N C A 0 amplitude
as a scale. The pQCD corrections provide us with a factor of about 1.9, while the pure instanton contribution leads to a factor of about 2.0. If we omit the pQCD contribution, but let the integral over the virtualities run to the W mass scale, the final number is 3.7. We prefer however the first approach where one matches the intermediate and short distance behavior through the loop integration and evolution. One should not forget that additional contribution to the ratio, for example FSI, will increase it. One may conclude that instanton contribution cannot be omitted and is important in closing the gap between the theoretical interpretation and the experimental value (8).
Conclusion
We have shown that a novel mechanism might contribute considerably to the empirical ∆I = 1/2 rule found in the weak ∆S = 1 decays. The proposed mechanism is related with the presence of strong nonperturbative fluctuations of gluons fields in the QCD vacuum called instantons. It has been shown that the instanton induced multi-quark interaction, due to its specific flavor dependence, is able to contribute to the strong enhancement of A 0 amplitude in K → ππ decays. This interaction proclaims the importance of the contribution of higher dimensional operators [21] , in particular d = 9 in our case, and the quantum numbers of the instanton induced interaction, in the weak decays. Moreover we can advance that some pieces of the the instanton induced interaction are CP -odd and therefore this mechanism also produces an enhancement of the famous ratio ε ′ /ε [22] .
